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Plastics Production and Impacts

It is often said that we live in the plastics age. Plastics are consumed across all sectors (clothing,
medicine, construction, food packaging, etc.) as plastics are versatile, low cost, and easy to
manufacture (Singh et al., 2017). However, the final disposal of plastics is a global concern.
If plastics leak into the environment, some microplastic could break away from larger plastic
products, and move through air and water systems, finding their way into the food chain and
posing risks to biodiversity, food availability, and human health (Li et al., 2016). One of the main
priorities of governments and cities across the globe is to address these issues by reducing
the production of virgin plastics and limiting the generation of waste plastics through recycling.
The current plastic recycling industry is primarily based on mechanical recycling of rigid and
clean materials that are easier to process such as beverage bottles (made from polyethylene
terephthalate, PET), and milk jugs (made from high density polyethylene, HDPE). Most plastic
materials, however, are contaminated with other plastics, dyes/inks, fillers, and other materials.
Mechanical recycling often does not produce high quality plastics from these contaminated
materials, which is the case for most flexible packaging containers (Al-Salem et al., 2009).
Flexible plastics, like plastic bags, account for over 35 % of the plastics produced in 2015 (UNEP,
2018) and are the most used material for packaging globally (Figure 1). Unfortunately, flexible
plastic materials usually end up in open dumps, landfills, or are incinerated after use since
they cannot be easily mechanically recycled, resulting in a series of cascading environmental
impacts. Figure 1 shows the breakdown of packaging by material type detailing the demand of
rigid and flexible plastic packaging.
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Plastic packaging materials, in the form of multilayer films, are mixtures of several and different
plastic layers which are combined to achieve specific properties that cannot be provided by
single plastic layers. Combining different layers of plastics results in stronger and impermeable
materials with unique properties that help preserve food quality and lifetime (Figure 2). The
multilayer packaging materials allow less material to be used which reduces greenhouse gas
emissions. These multilayer plastics can also help reduce food waste through smaller portion
packaging that can be consumed more efficiently. The properties of these multilayer films cannot
be achieved with one single plastic material. The advantages of multilayer flms are numerous,
but multilayer plastics cannot be mechanically recycled easily because the different layers are
chemically incompatible. One promising technology to effectively recover these layers is known
as solvent-targeted recovery and precipitation (STRAP), which breaks down multilayer films
into their original plastic building blocks (Walker et al., 2020).
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Figure 2. Graphical representation of the different layers of multilayer films and
properties/attributes of each material.

Recycling Plastic Films through STRAP
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food packaging, mixed multilayer plastic waste, disposable face masks, and other plastic waste
collected along with municipal solid waste (MSW). For more information on the technical details
of the STRAP process, the reader can refer to (Walker et al., 2020).

Showing the Scalability of STRAP
The current limitation of STRAP is that our process only produces small quantities of final
material, less than 0.11 kilograms (0.25 pounds) per week. To make this technology commercially

viable, larger quantities of materials that plastics converters require in production need to be
manufactured. To demonstrate the STRAP technology at a larger scale, a process development
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Figure 3. Simplified STRAP process flow diagram.

Economics and Environmental Benefits of STRAP

The STRAP process can produce high quality resins at costs comparable to the virgin resins,
according to detailed process models based on our experimental data. The STRAP process has
60 to 70 percent lower greenhouse gas (GHG) emissions than producing the virgin polymer.
Figure 4 shows the emissions to recover polyethylene via STRAP from a multilayer food
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packaging film vs emissions of virgin packaging made from petroleum. All energy (electricity,
steam, natural gas, etc.) and material (e.g., water, solvents, other chemicals) inputs were
evaluated from extraction of raw materials to production of polyethylene at the plant for both
polyethylene products (STRAP vs petroleum). Figure 4 shows that the total GHGs of extracting
polyethylene via the STRAP process (0.7 kilograms of carbon dioxide equivalents per kilogram
of polyethylene) are 68% lower than the impacts of producing polyethylene from fossil sources
(2.2 kilograms of carbon dioxide equivalents per kilogram of polyethylene).
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Figure 5. Climate change impacts from the STRAP process and the production of
polyethylene (PE) from fossil fuels.
There are several other environmental benefits from STRAP. These include eliminating
undesirable end-of-life scenarios like disposal of mixed plastic waste in landfills, incineration,
creation of micro and nano plastic contaminants, and pollution of oceans.

Initiatives to Install the First STRAP Commercial Plant

The Green Bay and Northeastern Wisconsin area is a major hub for flexible packaging, label
production, printing, and associated plastics industries and constitutes a natural location to
develop the first STRAP commercial plant . Wisconsin ranks 8th in the nation in terms of
plastics industry employment with over 43,000 people working in this sector and a direct
plastic’s payroll of US$2.3 billion. This leadership is even higher (3rd in the nation) for flexible
packaging products with over 25,000 people currently employed with projected 9% growth
in the next 10 years (Plastics Industry Association, 2023). For example, Amcor, one of the
largest packaging companies in the world, has 17 facilities in Wisconsin. Many companies in
the food industry use plastic products, which generate billions of dollars annually. In addition,
there are numerous local, national, and international manufacturing companies in Northeastern
Wisconsin that make equipment to support the plastic and flexible packaging industries. As
a leader in both production and consumption of flexible packaging products, Wisconsin has
an enormous potential to host the first STRAP commercial plant, maximizing the efficiency
in terms of material availability and transport of waste plastic multilayer films and recovered
resins. Moreover, the University of Wisconsin-Madison and the University of Wisconsin-Stout
have well established programs in plastics and packaging and are currently doing outstanding
research in plastics and STRAP.
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Summary

Plastic waste generation has been increasing over the years, as the recycling rate for plastics
is low compared to other materials. Moreover, conventional mechanical recycling methods are
not technically or economically feasible for many multilayered plastic films, which are the main
materials used for food packaging. The solvent-targeted recovery and precipitation (STRAP)
technology breaks down the mixed plastic waste and recovers high-quality pure plastic resins.
STRAP can process various types of plastic wastes including printed multilayer films used
for food packaging, mixed multilayer plastic waste, disposable face masks, and other plastic
waste collected along with municipal solid waste. A process development unit is being built to
demonstrate this technology at a larger scale.
+ The STRAP process can economically recover polyethylene from multi-layer film waste at
scale.
» The environmental analysis shows that the recovery of polyethylene via the STRAP process
generates fewer greenhouse gas emissions than the production of virgin polyethylene from
petroleum.
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